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Site Description: The typical landscape of the Jerryslu, fine-loamy, mixed, thermic Typic
Natridurids. The Jerryslu has a natric horizon at 10 cm and a CaCO, and silica-cemented duripan
beginning at 89 cm.

Pedon Description: Almond orchard in bloom on the Atesh, coarse-loamy, mixed (calcareous),
thermic Duric Torriarents. Atesh is a modified Jerryslu soil. Modifications at this site include
landleveling, ripping of the duripan, irrigation, and fertilization (including additions of gypsum,
manure, and elemental sulfur). These pedons of Atesh and Jerryslu are located in Tulare County,
California, approximately 100 m from each other.

Laboratory Characterization: Thin section photomicrograph of the BtkgmZ2 horizon (107-126 cm) of
the Jerryslu pedon under cross-polarized light. Oriented, illuvial clay was initially deposited along
channel walls, followed by nearly complete infilling with silica and CaCO, (Photo width = 2.8 mm).



FOREWORD

The development of laboratory methods for Soil Survey is the cumulative effort of a generation
of soil scientists. The need for revision and enhancement of Procedures for Collecting Soil Samples and
Methods of Analysis for Soil Survey, Soil Survey Investigations Report (SSIR) No. 1 (1984), was
recognized by the National Soil Survey Center (NSSC) for some years. The collective efforts of many
individuals at the Soil Survey Laboratory (SSL) resulted in a new document, Soil Survey Laboratory
Methods Manual (SSIR No. 42, Version 1.0, 1989; Version 2, 1992). Mr. Frederick M. Kaisaki, soil
scientist, developed a format and initiated descriptions of methods in the chemistry section. Mr.
Laurence E. Brown, former Analytical Staff Leader at the SSL, with the support of Dr. E.G. Knox, former
National Leader, Soil Survey Investigations, actively encouraged, supported, and managed the effort to
describe all the methods currently in use in the new comprehensive format. Mr. Brown emphasized that
the descriptions should specify the methods as actually used in enough detail for other workers to apply
the method consistently. Other major contributors to the method descriptions include Dr. Michael A.
Wilson, Dr. Thomas G. Reinsch, Benny R. Brasher, Leo C. Klameth, and Lea Ann Pytlik. Dr. W. Dennis
Nettleton wrote the description and interpretation of soil micromorphology as seen in thin sections. The
discussion of identification and significance of minerals, microcrystalline aggregates, and amorphous
substances in optical studies of grain mounts was modified by Dr. Warren C. Lynn from material
prepared by Dr. John G. Cady. Soil Survey Laboratory technicians also made important contributions to
the method descriptions and appendices.

Since 1992, the SSL has undergone many technological changes as the result of improvements
in analytical instrumentation and development of analytical methods. In 1995, a revised version
(Version 3.0) of the SSIR No. 42 was initiated by Dr. M. Dewayne Mays, Head, Soil Survey Laboratory,
to reflect these many changes. Many of the contributors to the earlier versions participated in the review
and update of this revised version of Soil Survey Laboratory Methods Manual. In addition, Dr. Lynn has
included in this version a more comprehensive description of the SSL field sampling procedures which is
not found in the earlier versions.

Dr. Rebecca Burt, author of the Soil Survey Laboratory Information Manual (SSIR No. 45, 1995),
served as technical editor for all versions of the SSIR No. 42. Her contribution is significant in scope;
she wrote several methods and appendices, is responsible for additions, corrections, and consistency of
the other methods, and provided leadership in the assemblage of this document.






PREFACE

The methods described in this manual are those used by the laboratory at the National Soil
Survey Center (NSSC). They are documented by method codes and linked with analytical results that
are stored in the NSSC laboratory database.

The methods in current use at this laboratory are described in enough detail that they can be
performed in many laboratories without reference to other sources. An introduction to each group of
related methods describes common characteristics. However, some repetition is included in order to
make the method descriptions complete in themselves and to minimize reference to other parts of the
manual. The appendix describes the operation of the instruments that are used in the laboratory
procedures. Laboratory preparation and mineralogy codes are also included.

Some analytical results in the NSSC Soil Survey Laboratory (SSL) national database were
obtained using procedures that are no longer used at the SSL. Descriptions for these procedures are
located in a section following the appendix. Information is not available to describe these procedures in
the same detail as used to describe the current methods in the laboratory.

The purpose of this manual is to document methodology and to serve as a reference for the
laboratory analyst. The manual replaces Procedures for Collecting Soil Samples and Methods of
Analysis for Soil Survey, Soil Survey Investigations Report (SSIR) No. 1. (1984) as a reference for
laboratory methods used at the NSSC. We expect that development and adoption of additional methods
will lead to revisions of this document. The Soil Survey Laboratory Methods Manual also serves as the
primary document from which a companion manual, Soil Survey Laboratory Information Manual (SSIR
No. 45, 1995), has been developed. The SSIR No. 45 describes in greater detail the application of SSL
laboratory data.

Trade names are used in the manual solely for the purpose of providing specific information.
Mention of a trade name does not constitute a guarantee of the product by the U.S. Department of
Agriculture nor does it imply an endorsement by the Department of Agriculture.

The United States Department of Agriculture (USDA) prohibits discrimination in its programs on the
basis of race, color, national origin, sex, religion, age, disability, political beliefs and marital or familial
status. (Not all prohibited bases apply to all programs.) Persons with disabilities who require alternative
means for communication of program information (braille, large print, audiotape, etc.) should contact the
USDA Office of Communications at (202) 720-5881 (voice) or (202) 720-7808 (TDD).

To file a complaint, write the Secretary of Agriculture, U.S. Department of Agriculture, Washington, D.C.,
20250, or call (202) 720-7327 (voice) or (202) 690-1538 (TDD). USDA is an equal employment
opportunity employer.
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SAMPLE COLLECTION AND PREPARATION
FIELD SAMPLING (1A)
SITE SELECTION (1A1)
PEDON SAMPLING (1A2)

1. APPLICATION

The United States National Cooperative Soil Survey (NCSS) Program has prepared soil maps
for much of the country. Both field and laboratory data are used to design map units and provide
supporting information for scientific documentation and predictions of soil behavior. A soil map
delineates areas occupied by different kinds of soil, each of which has a unique set of interrelated
properties characteristic of the material from which it is formed, its environment, and its history (Soil
Survey Division Staff, 1993). The soils mapped by the NCSS are identified by names that serve as
references to a national system of soil taxonomy (Soil Survey Staff, 1994). Coordination of mapping,
sampling site selection, and sample collection in this program contributes to the quality assurance
process for laboratory characterization. Requisites to successful laboratory analysis of soils occur long
before the sample is analyzed (Soil Conservation Service, 1984). In the field, these requisites include
site selection, descriptions of site and soil pedon, and careful sample collection. A complete description
of the sampling site not only provides a context for the various soil properties determined but it is also a
useful tool in the evaluation and interpretation of the soil analytical results (Canadian Soil Science,
1993). Landscape, landform, and pedon documentation of the sampling site serves as a link in a
continuum of analytical data, sampled horizon, pedon, landscape, and overall soil survey area.

The objectives of a project or study form the basis for designing the sampling strategy. A
carefully designed sampling plan is required to provide reliable samples for the purpose of sampling.
The plan needs to address the site selection, depth of sampling, type and number of samples, details of
collection, and sampling and subsampling procedures to be followed. The Soil Survey Laboratory (SSL)
primarily serves the NCSS, which is conducted jointly by USDA Natural Resources Conservation
Service (NRCS), the Bureau of Land Management (BLM), Forest Service, and representatives of U.S.
Universities and Agricultural Experiment Stations. In this context, the primary objective of SSL sampling
programs has been to select sites and pedons that are representative of a soil series and to collect
samples that are representative of horizons within the pedon.

There are various kinds of sampling plans, e.g., intuitive and statistical, and many types of
samples, e.g., representative, systematic, random, and composite. In the field, the SSL has more
routinely used intuitive sampling plans to obtain representative samples. The intuitive sampling plan is
one based on the judgment of the sampler, wherein general knowledge of similar materials, past
experience, and present information about the universe of concern, ranging from knowledge to guesses,
are used (Taylor, 1988). A representative sample is one that is considered to be typical of the universe
of concern and whose composition can be used to characterize the universe with respect to the
parameter measured (Taylor, 1988).

In the laboratory, the primary objectives of sample collection and preparation are to homogenize
and obtain a representative soil sample to be used in chemical, physical, and mineralogical analyses
(procedure 1B). The analyst and the reviewer of data assume that the sample is representative of the
soil horizon being characterized. Concerted effort is made to keep analytical variability small. Precise
laboratory work means that the principal variability in characterization data resides in sample variability,
i.e., sampling is the precision-limiting variable. As a result, site-selection and sample collection and
preparation are critical to successful soil analysis.

2. SUMMARY OF METHOD

In the U.S. Soil Survey Program, field data (e.g., transects and pedon descriptions) combined
with laboratory data are used to define map unit components, establish ranges of component properties,
establish or modify property ranges for soil series, and answer taxonomic and interpretive questions
(Wilson et al., 1994).

A site is selected that meets the objectives of the laboratory sampling. The site and soil pedon
are described and georeferenced. These descriptions include observations of specific soil properties
such as texture, color, slope, and depth. Descriptions may also include inferences of soil quality (soil
erodibility and productivity) as well as soil-forming factors (climate, topography, vegetation, and geologic
material).
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A soil pit is often excavated with a back-hoe. Depth and breadth of pit depend on the soll
material and objectives of sampling. Soil horizons or zones of uniform morphological characteristics are
identified for sampling.

The variable nature or special problems of the soil itself, e.g., Vertisols, Histosols, or permafrost-
affected soils, may require the use of specific excavation and sampling techniques. For example, the
shear failure that forms slickensides in Vertisols also disrupts the soil to the point that conventional soil
horizons do not adequately describe the morphology.

Representative samples are collected and mixed for chemical, physical, and mineralogical
analyses. A representative sample is collected using the boundaries of the horizon to define the vertical
limits and the observed short-range variability to define the lateral limits. The tag on the sample bag is
labelled to identify the site, pedon, and soil horizon for the sample.

In the field, the 20- to 75-mm fraction is generally sieved, weighed, and discarded. In the
laboratory, the <20-mm fraction is sieved and weighed. The SSL estimates weight percentages of the
>2-mm fractions from volume estimates of the >20-mm fractions and weight determinations of the <20-
mm fractions by procedure 3B1b.

Undisturbed clods are collected for bulk density and micromorphological analysis. Clods are
obtained in the same part of the pit as the mixed, representative sample. Bulk density clods are used for
water retention data; to convert from a weight to volume basis; to determine the coefficient of linear
extensibility (COLE); to estimate saturated hydraulic conductivity; and to identify compacted horizons.
Microscope slides of soil prepared for micromorphology are used to identify fabric types, skeleton grains,
weathering intensity, illuviation of argillans, and to investigate genesis of soil or pedological features.

3. INTERFERENCES

In the process of sampling, a number of obstacles may arise from external sources, e.g.,
weather, accessibility, steep terrain, wet terrain, insects, and large rock fragments. Sometimes pits have
to be hand-excavated. Common sense and the guidelines for obtaining representative samples are
applied to the extent possible.

4. SAFETY

Sampling pits deeper than 125 cm (5 feet) need to be shored to meet U.S. Dept. of Labor
Occupational Safety and Health Administration (OSHA) standards, or one side has to be opened and
sloped upward to prevent entrapment. Acetone used in the saran mix is flammable and should be used
down wind from a site to keep fumes from collecting in the bottom of the pit. Take precautions when
operating or in the proximity of machinery, e.g., backhoe, drill rig, or hydraulic probe, and when lifting
sample bags.

5. EQUIPMENT

5.1 Plastic bags, for mixed samples

5.2 Tags, for mixed samples

5.3 Plastic bags, for bulk density and thin section clods

5.4 Aluminum case, for shipping clod boxes

5.5 Shipping bags (canvas, leather, or burlap) for mixed samples
5.6 Clod boxes, cardboard with dividers

5.7 Core boxes, to transport cores from drill rig or hydraulic probe)
5.8 Stapler

5.9 Staples

5.10 Hair nets

5.11 Rope

5.12 Clothes pins

5.13 Felt markers, permanent

5.14 Sampling pans
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5.15 Sampling knives

5.16 Measuring tape

5.17 Photo tape

5.18 Sieves (3-inch and 20-mm)
5.19 Plastic sheets

5.20 Canvas tarp

6. REAGENTS

6.1 Acetone

6.2 Water, in spray bottle

6.3 Dow Saran F-310 Resin. Available from Dow Chemical Company.

7. PROCEDURE

Project and Sampling Objectives

The number and types of samples collected from a site are governed in part by the objectives of
the information needed. Sampling schemes can be divided into three general project categories based
on project needs.

Reference Projects: These projects are designed to answer specific questions on mapping or
soil classification, provide data for transect of a mapping unit, or for collection of calibration standards.
Samples are typically collected from specific horizons in 3 to 5 locations that relate to the question or are
representative of the map unit. A limited number of analyses, specific to the questions asked, are
performed on these samples.

If a transect is used to test map unit composition, an appropriate sample from each transect
point may be collected for analyses that are critical to distinguishing between map unit components.
Also, samples may be collected as standards for the survey project for texture, organic carbon, or for
calibration of field office analyses such as base saturation.

Characterization Projects: These projects are designed to obtain comprehensive soil
characterization data for a representative pedon of a map unit or a pedon which is included in a research
study. Samples collected from each horizon include bulk samples of approximately 3 kg, as well as
clods of natural fabric for bulk density and micromorphology. A standard suite of laboratory analyses are
performed on each horizon. In addition, specific analyses, such as mineralogy or andic properties, may
be requested to provide more complete information on the specific pedon sampled.

Geomorphology and Stratigraphy Projects: These projects are designed to study relationships
between soils, landforms, and/or the stratigraphy of their parent materials. For example, a specific
project may be designed to study the relationships between a catena of soils, their morphological
properties, e.g., redoximorphic features, and the hydrology of the area. Another study may be designed
to determine the lateral extent of stratigraphic breaks. Site or pedon selection is governed by the
objectives of the study but often is selected to represent typical segments of the landform. Sampling and
analytical requests may be similar to the scheme used in a characterization or reference project. Often,
core samples may be collected to several meters in depth through the use of a hydraulic probe.

Pedon Sampling Techniques

Excavated Pits: A pit may be excavated by hand or with a backhoe. Hand-digging may be
necessary depending on site location, type of soil material, or availability of a backhoe. Pedons are
generally excavated through the solum and into the parent material, or to a maximum depth of 2 meters.
When using a backhoe, dig the pit in the form of an arc with a minimum working face deeper than about
150 cm (5 ft). Slope the pit upward toward the backhoe for an escape route. The pit can also be
modified from the back side to form a T with the back of the trench opened and widened for an escape
route. If this is not practical, shoring is required to meet OSHA standards if the pit is deeper than 125 cm
(5 ft).
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The sampling procedure is the same for hand-dug and backhoe pits. Mark horizons or zones to
be sampled. Take a representative sample from boundary to boundary of a horizon and for a lateral
extent to include the observed short-range variability. Unless the soil exhibits little short range variability,
the best procedure is to place 4 to 5 kg soil on the plastic sheet or canvas tarp, mix thoroughly by rolling
action, and place a representative subsample, minimum of 3 kg (3 qt), in a plastic sample bag. Label a
tag with soil name, soil survey number, horizon (zone), and depth (as a minimum). Double fold the top
of the plastic bag (forward and reverse) and staple the top of the tag under the folds. The sampling may
be extended deeper by bucket auger or hydraulic probe as appropriate to meet the objectives of the
project. If the soil has rock fragments in one or more horizons, the soil and coarse fragments need to be
sieved and weighed as described below.

Collect 3 bulk density clods from each horizon. Two clods are used in the primary analysis. The
third clod is reserved for a rerun, if needed. Clods should be roughly fist-sized and should fit into the cell
(8 x 6 x 6 cm) of a clod box fairly snugly. Take the clods in the same vicinity of the pit as the mixed
sample. Carve out a working section in the pit wall to remove an undisturbed block. Break the block into
fist-sized pieces and pare into a ovoid (egg-shaped) clod. Place the clod in a hair net. If the clod is dry,
mist the clod with water just until the surface glistens to inhibit saran penetration of the clod. Dip once,
briefly, in saran mix to coat the clod, and hang from a rope with a clothes pin to dry. Clods can be
dipped and then hung, or can be hung and then dipped by raising the container up to immerse the clod,
briefly. Keep the saran container covered except when dipping clods to prevent acetone evaporation.
Coat only once in the field. Additional coats are applied in the laboratory. When the clod is dry (bottom
is not sticky to the touch), place the clod in a plastic bag, and put into a cell of a clod box. Label the
appropriate cell on the inside of the lid of the box to identify the soil survey number and horizon (zone)
for the clod. Clod boxes are designed to identify sequences of 3 clods per horizon.

Collect 2 clods from each horizon for preparation of thin sections and micromorphological
examination. Place a staple in the top of each clod for orientation. Clods should be roughly fist size, but
kept unmodified otherwise. If the soil fabric is fragile, the clod can be placed in a hairnet and dipped
briefly in saran as described above. Place the clod in a plastic bag and put into a cell of a clod box. The
sampler should make special note of any features to be studied by thin section. Label the appropriate
cell on the inside of the lid of the box to identify the soil survey number and horizon (zone) for the clod.

If the material is too sandy and/or too dry to hold together in a clod, bulk density samples can be
collected with an aluminum moisture can or other small can of known volume. Sampling is easier if the
can has a small hole in the bottom to allow air to escape as the can is inserted. Smooth a planar area in
the pit face, or, if sampling from the top down, smooth a planar horizontal area. In either case, choose
an area that appears representative of the horizon. With the palm of the hand, gently push the can into
the smoothed area until the bottom of the can is flush with the wall or until resistance stops you. In this
case, lay a board across the bottom of the can and tap lightly with a hammer or geology pick until the
bottom of the can is flush with the pit wall. Then dig out the sampling can plus extra sample and, with a
knife blade, smooth off the sample flush with the top of the can. Empty the contents of the can into a
plastic bag, tie the top of the bag in a single knot and put into a cell in a clod box. Label the appropriate
cell on the inside of the lid of the box to identify the soil survey number and horizon (zone) for the
sample. Collect two samples per horizon. Indicate the volume of the sampling can in the sampling
notes. Itis assumed that there is no volume change with moisture content in sandy soils. Therefore,
one density is representative for all moisture contents of coarse-textured soils.

Avoid leaving empty cells in a clod box. Fill empty cells with a wadded paper. This prevents
clods from shifting in transit. Tape down the top of a filled clod box with nylon filament tape (one short
piece on each end and two short pieces in front). Label the top of the box to identify type of sample
(bulk density or thin section) and appropriate soil survey numbers and horizons (zones) for the samples.
Place six clod boxes in an aluminum case for shipment. Single clod boxes also ship well.
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Hand Probe: Remove surface if it is not suitable for coring. Remove core sections and lay in
order on plastic sheet. Measure core length against depth in hole to determine if the core has been
compressed. Mark horizon breaks on the plastic. Mix the horizon or zone to be sampled. Place sample
in a plastic bag and label with soil survey number, horizon (zone), and depth for the core. Samples need
to be a minimum of 500 g (1 pt), and are generally suitable for a limited number of analyses only.

Hydraulic probe: Remove surface if it is not suitable for coring. Remove core sections and lay in
order on plastic sheet. With a sharp knife trim the exterior to remove any oil and contaminating soil
material. Split one core open to mark horizons, describe and then sample. Measure core length against
depth in hole to determine if the core has been compressed. Mark horizon breaks on the plastic. Mix
the horizon or zone to be sampled. Place in a plastic bag and label with soil survey number, horizon
(zone), and depth for the core. Obtain a minimum of 500 g (1 pt) for a reference sample or 3 kg (3 qt) for
a characterization sample.

If the core has not been compressed, and the core diameter is 3 inches or more, samples for
bulk density can be taken from a second core. Mark a segment 8-cm long on an undisturbed section
and slice a cylindrical segment. Measurements of core diameter and length can be used to calculate
volume and density at the field state moisture content. Core segments can be placed in a hair net,
dipped once briefly in saran mix to coat the clod, hung from a rope with a clothes pin to dry, placed in a
plastic bag and then put into a cell of a clod box.

Rotary drill (hollow stem): Remove drill core sections and lay in order on plastic sheet. Measure
core length against depth in hole to determine if the core has been compressed. Mark horizon breaks
on the plastic. Mix the horizon or zone to be sampled. Place in a plastic bag and label with soil survey
number, horizon (zone), and depth for the core. Obtain a minimum of 500 g (1 pt) for a reference
sample or 3 kg (3 qt) for a characterization sample.

If the core has not been compressed, and the core diameter is 3 inches or more, samples for
bulk density can be taken from the core. Mark a segment 8 cm long on an undisturbed section and slice
a cylindrical segment. Note the core diameter and length in the soil description. Place the core segment
in a plastic bag and place bag into a bulk density (clod) box for shipment. Measurements of core
diameter and length can be used to calculate volume and density at the field state moisture content.
Core segments can be placed in a hair net, dipped once, briefly in saran mix to coat the clod, hung from
a rope with a clothes pin to dry, placed in a plastic bag and then put into a cell of a clod box. Label the
appropriate cell number on the inside of the box lid to identify the site, pedon, and horizon.

A core segment can be taken for thin section. Place a staple in the top of the core, place the
core in a plastic bag and put the bag into a cell in a clod box. Label the appropriate cell number on the
inside of the box lid to identify the site, pedon, and horizon.

Bucket Auger: Remove surface if it is not suitable for auguring. Remove auger loads and lay in
order on plastic sheet. When horizon breaks are detected, measure depth in hole and mark it on the
plastic. Mix the horizon or zone to be sampled. Place in a plastic bag and label with soil survey number,
horizon (zone), and depth for the sample. Obtain a minimum of 500 g (1 pt) for a reference sample or 3
kg (3 qt) for a characterization sample. Sampling depth in a pit can be extended by the use of an auger
in the pit bottom.

Specific Sampling Techniques

Soils with Rock Fragments: If coarse fragments up to 75 mm (3 in) in diameter are to be
weighed in the field, place excavated sample in a bucket of known weight (tare) and weigh. Sieve the
sample through both a 75-mm and 20-mm sieve (3/4 in) onto a canvas tarp which can be suspended
from a scale. Estimate the coarse fragment volume percent of both the 75 to 250 mm (10 in) fraction
and > 250-mm fraction, and record these values in the description or sampling notes. Weigh the 20 to
75 mm and the <20 mm fractions in pounds or kilograms, and record these weights. Weights are
calculated to an oven-dry base in the laboratory. Place a minimum of 4 kg (1 gal) in a plastic bag,
double fold the bag, and staple. The moisture content is determined on the sample in the laboratory. If
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the 20 to 75-mm fraction is not weighed in the field, estimate the volume percent and record in the
sampling notes or description.

Organic Soils: If the soils are drained or the natural water table is below the surface, obtain
samples of upper layers from a pit. If the hydraulic conductivity is slow enough, dig and remove samples
below the water table as far as practical with due haste and place on a plastic sheet in an orderly fashion
for describing and processing. If undisturbed blocks can be removed for bulk density, carve out cubes of
known dimension (e.g., 5 cm on a side), place the block in a plastic bag and tie the top in a knot. Place
in a second plastic bag if soil is saturated, tie the top in a knot. Put the double bagged sample in a clod
box and label the appropriate cell on the inside of the lid to identify the soil survey number and horizon
(zone) for the sample. Note the sample dimensions in the sampling notes.

Collect samples from below the water table with a Macaulay peat sampler. If the samples
appear undisturbed, mark 10-cm segments, slice with a knife, and place a single segment in a plastic
bag. Tie the top in a knot and place in a second plastic bag and tie the top of that bag in a knot. Put the
double bagged sample in a clod box and label the appropriate cell on the inside of the lid to identify the
soil survey number and horizon (zone) for the sample. Note the sampler diameter and length of core in
sampling notes. The sample shape is a half-cylinder. As an alternative, carve a block to fit snugly in a
tared moisture can. Place lid on can, put can in a plastic bag, tie the top, and put in a clod box. Identify
can number, depth in sampling notes along with the tare weight. Take replicate samples for the mixed
sample, as necessary.

Larger samples can be taken below the water table by removing the surface mat with a spade
and sampling lower layers with a post-hole digger. Place samples of each layer on plastic for
examination. Transfer samples to small plastic bags, knead to remove air. Put two small bags of sample
into one large plastic bag, fold top, staple, and tag.

Permafrost Affected Soils: Soils with permafrost present two special sampling problems. The
permafrost is very resistant to excavation and the cryoturbation disrupts horizon morphology. In many
cases the surface layers are organic materials. The following sampling approach is suggested.

Test the depth to the frost table with a small (1 to 2 mm) diameter steel rod.. Excavate a small
pit (about 0.7 by 1.3 m) to leave about 10 cm of unfrozen material over the permafrost. If a cyclic pattern
(up to a few meters) is evident in the surface topography, extend the pit through at least one cycle. The
organic layers can be carved out with a sharp knife or shovel in many cases and removed. Save the
large chunks, if possible.

The objective is to record the morphology of the unfrozen soil before the permafrost is disturbed.
Examine the surface and designate horizons. If the soil is disrupted to the extent that lateral horizons do
not represent the morphology, impose a grid over the pit face and sketch the morphology on graph
paper. Describe the soil down to the frost table. When the description of the unfrozen material is
complete, remove all unfrozen material to examine the conformation of the frost table. Note on graph
paper if necessary and photograph.

Frozen earth can be removed in successive steps with a gasoline-powered jackhammer. Place
pieces from each step on a separate plastic sheet. Examine pieces and describe the morphology as
they are removed. Note thickness of segregated ice lenses and make a visual estimate of relative
volume of segregated ice. Place representative pieces into a water-tight container so that the sample
can be weighed, dried, and weighed again to calculate the amount of water and volume of ice. Excavate
to a depth of 30 to 50 cm below the frost table, if practical. Clean off the pit face and be ready to
photograph immediately. Sample each horizon or zone for mixed sample, bulk density, and thin section
as is practical.

Vertisols: The shear failure that forms slickensides in Vertisols also disrupts the soil to the point
that conventional horizons do not adequately describe the morphology. A gilgai surface topography is
reflected in the subsurface by bowl-shaped lows and highs. One convention is to sample pedons out of
the low and the high areas which represent extremes in the cyclic morphology.
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In order to examine morphology and associated soil properties in more spatial detail, the
following procedure is suggested: Dig a trench long enough to cover two or three cycles of
morphological expression. From the bottom of the pit remove soil from the non-work face so it slopes up
and away. Use nails and string to outline boundaries of morphological cells. Assign a number and a
horizon designation to each cell.

Construct a level line about one meter below the highest point on the surface. Hammer a spike
into the wall at one end of the pit. Tie a loop in string, place the loop over the spike, and run the string to
the far end of the pit. Place a line level on the string, tie another loop in the string, place a second spike
through the loop, pull the string taut, raise or lower the spike until the string is level, and hammer the
spike into the pit face.

Place a marker at each meter along the string from one end to the other. Transfer the
morphology outlined by the string to graph paper by measuring the x-coordinate along the string and the
y-coordinate above or below the string, both in centimeters. Use a level or a plumb bob to make the y
measurement vertical.

Sample each cell for characterization analysis as described above. The sampling scheme can
include traditional pedon sequences by sampling vertical sequences of cells at low, high, and
intermediate positions along the cycle.
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SAMPLE COLLECTION AND PREPARATION
LABORATORY PREPARATION OF SOIL SAMPLES (1B)

INTRODUCTION

The purpose of any soil sample is to obtain information about a particular soil and its
characteristics. Sampling provides a means to estimate the parameters of these soil characteristics with
an acceptable accuracy at the lowest possible cost. Subsampling also may be used as it permits the
estimation of some characteristics of the larger sampling unit without the necessity of measurement of
the entire unit. Subsampling reduces the cost of the investigation, but usually decreases the precision
with which the soil characteristics are estimated. Efficient use of subsampling depends on a balance
between cost and precision (Petersen and Calvin, 1986).

Soil variability and sample size are interferences to sample collection and preparation. At each
stage of sampling, an additional component of variability, the variability within the larger units, is added
to the sampling error (Petersen and Calvin, 1986). Soil material needs to be adequate in amount and
thoroughly mixed in order to obtain a representative sample.

The objective of laboratory preparation is to homogenize the soil samples used in chemical,
physical, and mineralogical analyses. These analyses are generally determined on the fine-earth (<2-
mm) fraction that has been air-dried (30 to 35° C) to a constant weight. Drying generally requires 3 to 7
days. The standard air-dry preparation is procedure 1B1. Other procedures for laboratory preparation
include Field Moist, 1B2; Coarse Fragments (2 to 20 mm), 1B5; Whole Soil, 1B6; and Organic Material,
1B7. In addition to laboratory preparation for bulk samples, undisturbed soil clods that are used to
determine some physical properties, e.g., bulk density, also are processed.

The following procedural steps are not repeated in each of the methods for laboratory
preparation as they are generally applicable to all methods.

1. Assign a lab identification number and preparation code to samples. Preparation code depends on
properties of the sample and on the requested analyses.

2. Assign clods and natural fabrics (NF) with a lab identification number corresponding to the respective
bulk sample. In the field, place a pin or staple in the top of sample to ensure proper orientation, if
requested.

3. Prepare a 480-mL (pint) container of fine-earth fraction for laboratory analyses. Prepare an additional
480-mL (pint) container for saturation paste when salt analyses are requested. For comprehensive
sampling projects, prepare two 480-mL (2-pint) containers of fine-earth material and a NF sample and
store in a sample bank. If an NF sample was not selected in the field, select one from bulk sample.
Generally, do not select NF samples for reference projects.

4. Check soil samples for presence of carbonates. Reference samples (knowns) are available for
comparisons. Place 1 g of <2-mm soil in porcelain spot plate, add distilled water, and stir to remove
entrapped air. Add 1 N HCI to soil, observe amount of effervescence, and record as follows:

None (0)

Trace (T) - Bubbles rise at a few points in the sample and consistently appear at the same point in either
a steady stream of tiny bubbles or in a slower stream of larger bubbles. Do not mistake trapped air
bubbles for a positive test. Generally, these air bubbles appear immediately after the addition of 1 N
HCI.

Weak (W) - More small bubbles, and possibly a few larger bubbles, appear throughout the sample than
with a trace reaction.

Medium (M) - More large bubbles are evident than with a weak reaction. Often the reaction is violent at
first and then quickly decreases to a reaction that produces many small bubbles.



SAMPLE COLLECTION AND PREPARATION
LABORATORY PREPARATION OF SOIL SAMPLES (1B)

Strong (S) - The sample effervesces violently. Many large bubbles appear to burst from the spot plate.

5. Sterilize soils from quarantined areas in an oven for 15 h at 150° C or in a steam sterilizer for 30 min.

at 105° C and 22 psi before discarding. Do not exceed 5-cm depth for sterilized residues. Also sterilize

containers of regulated material before discarding. When regulated samples are requested, only send to
laboratories that are authorized to handle this material. Stamp "STERILIZE BEFORE DISCARDING" on
each container before sending.

REFERENCES
Petersen, R.G., and L.D. Calvin. 1986. Sampling. /n A. Klute (ed.) Methods of soil analysis. Part 1.
Physical and mineralogical methods. 2nd ed. Agronomy 9:33-51.
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SAMPLE COLLECTION AND PREPARATION
LABORATORY PREPARATION OF SOIL SAMPLES (1B)
STANDARD AIR-DRY (1B1)

1. APPLICATION

Air-dry soil is used for most standard analyses. This is generally the optimum moisture content
to handle and to process soil. In addition, the weight of air-dry soil remains relatively constant, and
biological activity is low during storage. The preparation codes for this procedure are "S", "SP", and "N".
Refer to Appendix |, Laboratory Preparation Codes. The "S" preparation code is used when the data for
the >2-mm fractions are recorded, and the analytical results are reported on the <2-mm basis. The "SP"
code is used when clod parameters are reported on the whole soil basis. The "SP" preparation code is
generally used when the coarse fragments are porous, e.g., cinders. The "N" preparation code is used
when the data for the >2-mm fractions are not recorded, and the analytical results are reported on the
<2-mm basis.

2. SUMMARY OF METHOD

The field sample is air-dried, crushed, and sieved. Weight measurements are made on the 20-
to 75-mm, 5- to 20-mm, and 2- to 5-mm fractions. The <2-mm material is saved for chemical, physical,
and mineralogical analysis.

3. INTERFERENCES

Soil variability and sample size are interferences to sample collection and preparation. At each
stage of sampling, an additional component of variability, the variability among smaller elements within
the larger units, is added to the sampling error (Petersen and Calvin, 1986). Soil material needs to be in
adequate amount and thoroughly mixed to obtain a representative sample.

Soil is mixed by moving it from the corners to the middle of processing area and then by
redistributing the material. This process is repeated four times. Enough soil material needs to be sieved
and weighed to obtain statistically accurate rock fragment content. In order to accurately measure rock
fragments with a maximum particle diameter of 20 mm, the minimum specimen size ("dry" weight) that
needs to be sieved and weighed is 1.0 kg. Refer to ASTM method D 2487 (American Society for Testing
and Materials, 1993).

4. SAFETY

Dust from sample processing is a nuisance. A mask should be worn in order to avoid breathing
dust. Keep clothing and hands away from the crusher and pulverizer when these machines are in use.
Use face shield and goggles when operating the jaw crusher. Use goggles when operating the air
compressor. The HCI used to check carbonates can destroy clothing and irritate skin. Immediately
rinse acid with water from clothing or skin and seek professional medical help, if needed.

5. EQUIPMENT

5.1 Electronic Balance,*1-g sensitivity and 15-kg capacity
5.2 Cardboard trays for sample storage

5.3 Trays, plastic, tared

5.4 Sieves, square-hole

5.4.1 80 mesh, 180 um

5.4.2 10 mesh, 2 mm

5.4.3 4 mesh, 4.75 mm

5.4.4 19 mm, 3/4in

5.4.5 76 mm, 3in

5.5 Sieves, round-hole

5.5.1 2 mm

5.6 Mechanical shaker with 10-mesh and 4-mesh sieves
5.7 Pulverizer

5.8 Wooden rolling pin

5.9 Rubber roller

11



SAMPLE COLLECTION AND PREPARATION
LABORATORY PREPARATION OF SOIL SAMPLES (1B)
STANDARD AIR-DRY (1B1)

5.10 Retsch laboratory jaw crusher, Model BB2/A, Brinkmann Instruments Inc., Des Plaines, IL.
5.11 Metal plate, 76 x 76 x 0.5 cm

5.12 Aluminum foil dishes, 57-mm diameter x 15-mm deep, with lifting tab

5.13 Paper containers, 480 mL (pint), with lids

5.14 Brown kraft paper

5.15 Air compressor, Cast-iron Series, SpeedAire, Campbell Hausfeld Mfg. Co., Harrison, OH.
5.16 Mixer/Mill, Spex 8000, Edison, N.J. Fine-grind, 80-mesh.

5.17 Vial rotator, Sampletex, Model 200, Lincoln, NE. Fine-grind, 80 mesh.

6. REAGENTS

6.1 Distilled water

6.2 1 NHCI

6.3 Sodium hexametaphosphate solution. Dissolve 35.7 g of sodium hexametaphosphate (Na,P,0O.)
and 7.94 g of sodium carbonate (Na,CO,) in 1 L of distilled water.

7. PROCEDURE
7.1 Distribute field sample on a plastic tray. Weigh material and record moist weight. Air-dry, weigh,
and record weight of soil material.

7.2 Roll soil material with wooden rolling pin to crush clods to pass a 2-mm sieve. For samples with
easily crushed coarse fragments, substitute a rubber roller for a wooden rolling pin. Roll and sieve until
only the coarse fragments that do not slake in sodium metaphosphate solution remain on sieve. Crush
soils that contain no coarse fragments in a laboratory jaw crusher. Sieve clayey soils that contain many
coarse fragments in the mechanical shaker.

7.3 Process air-dry soil on a flat, metal plate that is covered with brown kraft paper. Thoroughly mix
material by moving the soil from the corners to the middle of the processing area and then by
redistributing the material. Repeat process four times.

7.4 If more sample is received than is needed for processing, select subsample for preparation. Weigh
subsample and record weight.

7.5 Weigh soil material with diameters of 2 to 5 mm. Soak in sodium hexametaphosphate solution for
12 h. Air-dry, weigh the material that does not slake, record weight, and discard. Weigh, record weight,
and discard coarse fragments with diameters of 20 to 75 mm and 5 to 20 mm.
7.6 Place the <2-mm, air-dry material in a 480-mL (pint) container and store until it is used for chemical,
physical, or mineralogical analysis. Also place <2-mm, air-dry material into two aluminum foil dishes for
AD/OD (air-dry/oven-dry ratio) and 15-bar analysis. Use a fine-ground (<80-mesh), air-dry subsample
when total S, C, and N analyses are requested.
Square-hole 2-mm sieve (1Bla)
7a. Procedure
7a.1 Pass sample through a square-hole, 2-mm sieve. This procedure is the standard method.
Round-hole 2-mm sieve (1B1b)
7b. Procedure

7b.1 Pass sample through a round-hole 2-mm sieve.

12



9.1
9.2
9.3
9.4
9.5
9.6
9.7
9.8
9.9

10.

11.

SAMPLE COLLECTION AND PREPARATION
LABORATORY PREPARATION OF SOIL SAMPLES (1B)
STANDARD AIR-DRY (1B1)

CALCULATIONS
Calculations for coarse fragments are reported in procedure 3B.

REPORT

Weight (g) of field moist soil sample

Weight (g) of air-dry soil sample

Weight (g) of air-dry soil processed sample

Weight (g) of 20- to 75-mm fraction

Weight (g) of 5- to 20-mm fraction

Weight (g) of 2- to 5-mm fraction

Weight (g) of subsample of 2- to 5-mm fraction before slaking

Weight (g) of subsample of 2- to 5-mm fraction after slaking

Effervescence with HCI (S = strong; M = medium; W = weak; T =trace; 0 = none)

PRECISION
Precision data are not available for this procedure.

REFERENCES

American Society for Testing and Materials. 1993. Annual book of ASTM standards. Construction.
Section 4. Soil and rock; dimension stone; geosynthesis. Vol. 04.08. ASTM, Philadelphia, PA.

Petersen, R.G., and L.D. Calvin. 1986. Sampling. /n A. Klute (ed.) Methods of soil analysis. Part 1.
Physical and mineralogical methods. 2nd ed. Agronomy 9:33-51.
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SAMPLE COLLECTION AND PREPARATION
LABORATORY PREPARATION OF SOIL SAMPLES (1B)
FIELD MOIST (1B2)

1. APPLICATION

When the physical properties of a soil are irreversibly altered by air drying, a field-moist soll
sample is used for analysis. Analyses that may require field moist material are physical properties, e.g.,
water retention, particle-size analysis, and plasticity index for Andisols and Spodosols. The preparation
code for this procedure is "M". Refer to Appendix |, Laboratory Preparation Codes. The data are
recorded, and the analytical results are reported on the <2-mm basis.

2. SUMMARY OF METHOD

A subsample of field moist material is forced through a 2-mm screen by hand or with a large,
rubber stopper. The moist sample is stored in 120-mL (4-0z) and/or 240-mL (8-0z), sealed,
polypropylene containers. Moist samples may be used for 15-bar water content, particle-size analysis,
Atterberg Limits, salts, cation exchange capacity, and other chemical properties. The remaining sample
is air-dried and sieved (<2 mm). Weight measurements are made on the 20- to 75-mm, 5- to 20-mm,
and 2- to 5-mm fractions. The <2-mm, air-dry material is also saved for the chemical, physical, and
mineralogical analysis that do not require a field moist sample.

3. INTERFERENCES

Soil variability and sample size are interferences to sample collection and preparation. At each
stage of sampling, an additional component of variability, the variability among smaller elements within
the larger units, is added to the sampling error (Petersen and Calvin, 1986). Soil material needs to be in
adequate amount and thoroughly mixed in order to obtain a representative sample.

The moist material is distributed on a plastic tray and thoroughly mixed. Soil is selected from at
least five separate areas on the tray and forced through a 2-mm sieve. The air-dry soil is also
thoroughly mixed by moving the soil from the corners to the middle of the processing area and then by
redistributing the material. This process is repeated four times. Enough soil material needs to be sieved
and weighed to obtain statistically accurate rock fragment content. In order to accurately measure rock
fragments with a maximum particle diameter of 20 mm, the minimum specimen size ("dry" weight) that
needs to be sieved and weighed is 1.0 kg. An homogenized soil sample is more readily obtained from
air-dry material than from field moist material. Whenever possible, "moist" samples or materials should
have weights two to four times larger than for "dry" specimens (American Society for Testing and
Materials, 1993). Refer to ASTM method D 2487 (American Society for Testing and Materials, 1993).

4. SAFETY

Dust from sample processing is a nuisance. A mask should be worn in order to avoid breathing
dust. Keep clothing and hands away from the crusher and pulverizer when these machines are in use.
Use face shield and goggles when operating the jaw crusher. Use goggles when operating the air
compressor. The HCI used to check carbonates can destroy clothing and irritate skin. Immediately
rinse acid with water from clothing or skin and seek professional medical help, if needed.

5. EQUIPMENT

5.1 Electronic Balance, +1-g sensitivity and 15-kg capacity
5.2 Cardboard trays for sample storage
5.3 Trays, plastic, tared

5.4 Sieves, square-hole

5.4.1 80 mesh, 180 um

5.4.2 10 mesh, 2 mm

5.4.3 4 mesh, 4.75 mm

5.4.4 19 mm, 3/4in

5.4.5 76 mm, 3in

5.6 Wooden rolling pin

5.7 Rubber roller

15



SAMPLE COLLECTION AND PREPARATION
LABORATORY PREPARATION OF SOIL SAMPLES (1B)
FIELD MOIST (1B2)

5.8 Metal plate, 76 x 76 x 0.5 cm

5.9 Aluminum foil dishes, 57-mm diameter x 15-mm deep, with lifting tab

5.10 Paper containers, 480 mL (pint), with lids

5.11 Brown kraft paper

5.12 Polyproylene containers, 120 mL (4 fl. 0z.) or 240 mL (8 fl. 0z.), with lids

5.13 Retsch laboratory jaw crusher, Model BB2/A, Brinkmann Instruments Inc., Des Plaines, IL.
5.14 Air compressor, Cast-iron Series, SpeedAire, Campbell Hausfeld Mfg. Co., Harrison, Ohio.
5.15 Mixer/Mill, Spex 8000, Edison, N.J. Fine-grind, 80-mesh.

5.16 Vial rotator, Sampletex, Model 200, Lincoln, NE. Fine-grind, 80-mesh.

6. REAGENTS

6.1 Distilled water

6.2 1 NHCI

6.3 Sodium hexametaphosphate solution. Dissolve 35.7 g of sodium hexametaphosphate (Na,P,0O.)
and 7.94 g of sodium carbonate (Na,CO,) in 1 L of distilled water.

7. PROCEDURE

7.1 Distribute field sample on a plastic tray. Thoroughly mix material. Select a representative
subsample from at least five different areas on the plastic tray and force through a 2-mm sieve. If only
moist 15 bar is requested, sieve enough material to fill a 120-mL (4-0z), polypropylene container. If
moist material is requested for 15 bar as well as particle-size analysis, sieve enough material to fill an
240-mL (8-0z), polypropylene container. If moist material is also requested for Atterberg Limits, prepare
additional material in an 240-mL (8-0z), polypropylene container. Seal container with lid and store.

7.2 Roll soil material with wooden rolling pin to crush clods to pass a 2-mm sieve. For samples with
easily crushed coarse fragments, substitute a rubber roller for a wooden rolling pin. Roll and sieve until
only the coarse fragments that do not slake in sodium hexametaphosphate solution remain on sieve.

7.3 Weigh remaining field sample on the plastic tray and record moist weight. Air-dry, weigh, and record
weight of soil material. Process air-dry soil on a flat, metal plate that is covered with brown kraft paper.
Thoroughly mix material by moving the soil from the corners to the middle of the processing area and
then by redistributing the material. Repeat process four times.

7.4 If more sample is received than is needed for processing, select a subsample for preparation.
Weigh subsample and record weight.

7.5 Weigh soil material with diameters of 2 to 5 mm. Soak in sodium pyrophosphate solution for 12 h.
Air-dry, weigh, record weight, and discard the material that does not slake. Weigh, record, and discard
coarse fragments with diameters of 20 to 75 mm and 5 to 20 mm.

7.6 Place <2-mm, air-dry material in a 480-mL (pint) container and store until it is used for chemical,
physical, or mineralogical analysis. Also place air-dry material in two aluminum foil dishes for AD/OD
(air-dry/oven-dry ratio) and for dry 15-bar moisture analysis. Use a fine-ground (<80-mesh), air-dry
subsample when total S, C, and N analyses are requested.

8. CALCULATIONS
Calculations for coarse fragments are reported in procedure 3B.
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SAMPLE COLLECTION AND PREPARATION
LABORATORY PREPARATION OF SOIL SAMPLES (1B)
FIELD MOIST (1B2)

9. REPORT

9.1
9.2
9.3
9.4
9.5
9.6
9.7
9.8
9.9

10.

11.

Weight (g) of field moist soil sample

Weight (g) of air-dry soil sample

Weight (g) of air-dry soil processed sample

Weight (g) of 20- to 75-mm fraction

Weight (g) of 5- to 20-mm fraction

Weight (g) of 2- to 5-mm fraction

Weight (g) of subsample 2- to 5-mm fraction before slaking

Weight (g) of subsample 2- to 5-mm fraction after slaking

Effervescence with HCI (S = strong; M = medium; W = weak; T = trace; 0 = hone)

PRECISION
Precision data are not available for this procedure.

REFERENCES

American Society for Testing and Materials. 1993. Annual book of ASTM standards. Construction.
Section 4. Soil and rock; dimension stone; geosynthesis. Vol. 04.08. ASTM, Philadelphia, PA.
Petersen, R.G., and L.D. Calvin. 1986. Sampling. /n A. Klute (ed.) Methods of soil analysis. Part 1.

Physical and mineralogical methods. 2nd ed. Agronomy 9:33-51.
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SAMPLE COLLECTION AND PREPARATION
LABORATORY PREPARATION OF SOIL SAMPLES (1B)
COARSE FRAGMENTS (2-20 mm) (1B5)

1. APPLICATION

This procedure is used for soils containing coarse fragments with carbonate-indurated or
gypsum-indurated material. The 2- to 20-mm fractions are separated for analysis. The preparation
codes are "SK" and "SR". Refer to Appendix I, Laboratory Preparation Codes. The "SK" preparation
code (procedure 1B5a) is used when the 2- to 20-mm fractions are crushed to <2 mm. These analytical
results are reported on the 2- to 20-mm basis. The "SR" preparation (procedure 1B5b) is rarely
requested and is used when the 2- to 20-mm fractions are recombined with the <2-mm fraction. These
analytical results are reported on the <20-mm basis or are calculated to the <2-mm basis. If carbonate
or gypsum accumulations are soft and easily pass a 2-mm sieve, the standard air-dry (1B1) method is
requested.

2. SUMMARY OF METHOD

The field sample is air-dried and sieved. Weight measurements are made on the 20- to 75-mm,
5to 20-mm, and 2 to 5-mm fractions. The <2-mm material is saved for chemical, physical, and
mineralogical analysis. The 5- to 20-mm and 2- to 5-mm fractions are recombined after their respective
weights are recorded. The recombined, 2- to 20-mm, material is crushed to <2 mm in a laboratory jaw
crusher.

3. INTERFERENCES

Soil variability and sample size are interferences to sample collection and preparation. At each
stage of sampling, an additional component of variability, the variability among smaller elements within
the larger units, is added to the sampling error (Petersen and Calvin, 1986). Soil material needs to be
adequate in amount and thoroughly mixed to obtain a representative sample.

Soil is mixed by moving it from the corners to the middle of processing area and then by
redistributing the material. This process is repeated four times. Enough material is sieved to obtain
statistically accurate data to determine the content of coarse fragments. In order to accurately measure
rock fragments with a maximum particle diameter of 20 mm, the minimum specimen size ("dry" weight)
that needs to be sieved and weighed is 1.0 kg. Refer to ASTM method D 2487 (American Society for
Testing and Materials, 1993).

4, SAFETY

Dust from sample processing is a nuisance. A mask should be worn in order to avoid breathing
dust. Keep clothing and hands away from the crusher and pulverizer when these machines are in use.
Use face shield and goggles when operating the jaw crusher. Use goggles when operating the air
compressor. The HCI used to check carbonates can destroy clothing and irritate skin. Immediately
rinse acid with water from clothing or skin and seek professional medical help, if needed.

5. EQUIPMENT

5.1 Electronic balance, +1-g sensitivity and 15-kg capacity

5.2 Cardboard trays for sample storage

5.3 Trays, plastic, tared

5.4 Sieves, square-hole

5.4.1 10 mesh, 2 mm

5.4.2 4 mesh, 4.75 mm

5.4.3 19 mm, 3/4in

5.4.4 76 mm, 3in

5.5 Wooden rolling pin

5.6 Rubber roller

5.7 Retsch laboratory jaw crusher, Model BB2/A, Brinkmann Instruments Inc., Des Plaines, IL.
5.8 Metal Plate, 76 x 76 x 0.5 cm

5.9 Aluminum foil dishes, 57-mm diameter x 15-mm deep, with lifting tabs

19



SAMPLE COLLECTION AND PREPARATION
LABORATORY PREPARATION OF SOIL SAMPLES (1B)
COARSE FRAGMENTS (2-20 mm) (1B5)

5.10 Paper containers, 480 mL (pint), with lids

5.11 Sample splitter

5.12 Brown kraft paper

5.13 Air compressor, Cast-iron Series, SpeedAire, Campbell Hausfeld Mfg. Co., Harrison, Ohio.

6. REAGENTS
6.1 1 NHCI

7. PROCEDURE

7.1 Distribute field sample on a plastic tray. Weigh material and record moist weight. Air-dry, weigh,
and record weight of soil material.

7.2 Roll material with wooden rolling pin to crush clods to pass a 2-mm sieve. For samples with easily
crushed coarse fragments, substitute rubber roller for wooden rolling pin.

7.3 Process air-dry soil on a flat, metal plate that is covered with brown kraft paper. Thoroughly mix
material by moving the soil from the corners to the middle of processing area and then by redistributing
the material. Repeat process four times.

7.4 If more sample is received than is needed for processing, select subsample for preparation.
Weigh subsample and record weight.

7.5 Weigh and record coarse fragments with diameters of 20 to 75 mm, 5 to 20 mm, and 2 to 5 mm.
Discard 20 to 75 mm fragments. Recombine the 5- to 20-mm and 2- to 5-mm fractions and crush to <2-
mm in a laboratory jaw crusher.

SK Preparation (1B5a )

7a. Procedure

7a.1l Place <2-mm, air-dry material in a 480-mL (pint) container and store until it is used for chemical,
physical, or mineralogical analysis. Place <2-mm, air-dry material in two aluminum foil dishes for AD/OD
(air-dry/oven-dry ratio) and for 15-bar moisture analysis.

7a.2 Place 2- to 20-mm, air-dry, crushed material in a 240-mL (1/2 pint) container and store for calcium
carbonate or gypsum analysis.

SR Preparation (1B5b )

7b. Procedure

7b.1 Use a sample splitter, recombine the 2- to 20-mm, air-dry, crushed material with the <2-mm, air-
dry, material. Store material until it is used for chemical, physical, or mineralogical analysis. Also place
some of the recombined material in two aluminum foil dishes for AD/OD (air-dry/oven-dry ratio) and for
15-bar moisture analysis.

8. CALCULATIONS

Calculations for coarse fragments, <20-mm carbonate, and <20-mm gypsum are reported in
procedures 3B, 6E4, and 6F4, respectively. In procedure 1B5a (SK code preparation), all analytical
results of the 2- to 20-mm fraction are reported on the 2- to 20-mm basis, and all other analytical results
are reported on the <2-mm basis. In procedure 1B5b (SR preparation code), all analytical results are
reported on the <20-mm basis.
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SAMPLE COLLECTION AND PREPARATION
LABORATORY PREPARATION OF SOIL SAMPLES (1B)
COARSE FRAGMENTS (2-20 mm) (1B5)

9. REPORT

9.1
9.2
9.3
9.4
9.5
9.6
9.7

10.

11.

Weight (g) of field moist soil sample

Weight (g) of air-dry soil sample

Weight (g) of air-dry processed soil sample

Weight (g) of 20- to 75-mm fraction

Weight (g) of 5- to 20-mm fraction

Weight (g) of 2- to 5-mm fraction

Effervescence with HCI (S = strong; M = medium; W = weak; T = trace; 0 = none)

PRECISION
Precision data are not available for this procedure.

REFERENCES

American Society for Testing and Materials. 1993. Annual book of ASTM standards. Construction.
Section 4. Soil and rock; dimension stone; geosynthesis. Vol. 04.08. ASTM, Philadelphia, PA.

Petersen, R.G., and L.D. Calvin. 1986. Sampling. /n A. Klute (ed.) Methods of soil analysis. Part 1.
Physical and mineralogical methods. 2nd ed. Agronomy 9:33-51.
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SAMPLE COLLECTION AND PREPARATION
LABORATORY PREPARATION OF SOIL SAMPLES (1B)
WHOLE SOIL (1B6)

1. APPLICATION

Coarse fragments and fine-earth material are homogenized so that analyses can be made on
the whole soil basis. The preparation code for this procedure is "GP". Refer to Appendix |, Laboratory
Preparation Codes. Entire sample is crushed to <2 mm, and analytical results are reported on whole soil
basis. This method is used mainly to prepare samples from the Cr or R horizons.

2. SUMMARY OF METHOD

The field sample is air-dried and passed through a laboratory jaw crusher to reduce all material
to pass a 2-mm sieve. The processed sample is saved for chemical, physical, and mineralogical
analysis.

3. INTERFERENCES

Soil variability and sample size are interferences to sample collection and preparation. At each
stage of sampling, an additional component of variability, the variability among smaller elements within
the larger units, is added to the sampling error (Petersen and Calvin, 1986). Soil material needs to be in
adequate amount and thoroughly mixed to obtain a representative sample. Soil is mixed by moving it
from the corners to the middle of the processing area and then by redistributing the material. This
process is repeated four times.

4. SAFETY

Dust from sample processing is a nuisance. A mask should be worn in order to avoid breathing
dust. Keep clothing and hands away from the crusher and pulverizer when these machines are in use.
Use face shield and goggles when operating the jaw crusher. Use goggles when operating the air
compressor. The HCI used to check carbonates can destroy clothing and irritate skin. Immediately
rinse acid with water from clothing or skin and seek professional medical help, if needed.

5. EQUIPMENT

5.1 Electronic balance, +1-g sensitivity and 15-kg capacity

5.2 Trays, plastic, tared

5.3 Sieve, square-hole

5.3.1 10-mesh, 2-mm

5.4 Retsch laboratory jaw crusher, Model BB2/A, Brinkmann Instruments Inc., Des Plaines, IL.
5.5 Aluminum foil dishes, 57-mm diameter x 15-mm deep, with lifting tab

5.6 Metal plate, 76 x 76 x 0.5 cm

5.7 Paper containers, 480 mL (pint), with lids

5.8 Brown kraft paper

5.9 Air compressor, Cast-iron Series, SpeedAire, Campbell Hausfeld Mfg. Co., Harrison, Ohio.

6. REAGENTS
6.1 1 NHCI

7. PROCEDURE

7.1 Distribute field sample on a plastic tray. Weigh material and record moist weight. Air-dry, weigh,
and record weight of soil material. Crush material to <2-mm in a laboratory jaw crusher.

7.2 Process air-dry material on a flat, metal plate that is covered with brown kraft paper. Thoroughly

mix material by moving soil from the corners to the middle of processing area and then by redistributing
the material. Repeat process four times.
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7.3 Place representative sample in a 480-mL (pint) container until it is used for chemical, physical, or
mineralogical analysis. Also place air-dry material in two aluminum foil dishes for AD/OD (air-dry/oven-
dry ratio) and for 15-bar moisture analysis.

8. CALCULATIONS
None

9. REPORT

9.1 Weight (g) of field moist soil sample

9.2 Weight (g) of air-dry soil sample

9.3 Effervescence with HCI (S = strong; M = medium; W = weak; T = trace; 0 = none)

10. PRECISION
Precision data are not available for this procedure.

11. REFERENCES
Petersen, R.G., and L.D. Calvin. 1986. Sampling. /n A. Klute (ed.) Methods of soil analysis. Part 1.
Physical and mineralogical methods. 2nd ed. Agronomy 9:33-51.
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1. APPLICATION

Both air-dry and field moist material are processed for analysis. This method is used to prepare
samples from organic soil horizons. The preparation code for this procedure is "H". Refer to Appendix |,
Laboratory Preparation Codes. Field moist samples are used for moist 15 bar (4B2b) water content,
mineral content (8F1), fiber volume (8G1), and pyrophosphate color (8H). Fine-ground (<80-mesh), air-
dry material is used for lab analyses. The <2-mm, air-dry material is used for 15- 1/10- and 2-bar water
content (4B1a) and for the AD/OD (4B5). Analytical results are reported on the <2-mm basis except
fabric.

2. SUMMARY OF METHOD

A subsample of field moist material is selected and placed in a 120-mL (4-0z), polypropylene
container. The subsample is stored for future analysis. The remaining sample is air-dried and sieved.
Weight measurements are made on the 20- to 75-mm, 5- to 20-mm, and 2- to 5-mm fractions. The <2-
mm, air-dry material is finely ground (<80-mesh) and saved for the chemical analyses that do not require
a field moist sample. The <2-mm, air-dry material is used for dry 15 bar.

3. INTERFERENCES

Soil variability and sample size are interferences to sample collection and preparation. At each
stage of sampling, an additional component of variability, the variation among smaller elements within
the larger units, is added to the sampling error (Petersen and Calvin, 1986). Soil material needs to be in
adequate amount and thoroughly mixed to obtain a representative sample.

The moist material is distributed on a plastic tray and thoroughly mixed. Soil is selected from at
least five separate areas and placed in a 120-mL (4-0z), polypropylene container. The air-dry soil is also
thoroughly mixed by moving the soil from the corners to the middle of the processing area and then by
redistributing the material. This process is repeated four times. For those few organic samples with rock
fragments, enough soil material needs to be sieved and weighed to obtain statistically accurate rock
fragment content. In order to accurately measure rock fragments with a maximum particle diameter of
20 mm, the minimum specimen size ("dry" weight) that needs to be sieved and weighed is 1.0 kg.
Whenever possible, "moist" samples or materials should have weights two to four times larger than for
"dry" specimens (American Society for Testing and Materials, 1993). An homogenized soil sample is
more readily obtained from air-dry material than from field moist material.

4. SAFETY

Dust from sample processing is a nuisance. A mask should be worn in order to avoid breathing
dust. Keep clothing and hands away from the crusher and pulverizer when these machines are in use.
Use face shield and goggles when operating the jaw crusher. Use goggles when operating the air
compressor. The HCI used to check carbonates can destroy c